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Q FeH4G}Nj e¯ |  GAIdc Q FeH4G

}Nj nwlmY\^<~m£ekuz^
+5?%FhGAIWV e¯ |  GAIdc +5?F GAI  nwlmY\^<~m£ekuz^
XZY\^!~m^Uuvh\i¯lujs~v^©uzY\n"£p j"l0lmeo]_^rVLGGLa®uﬂ-D{¶½egsh\~m^ % /¶¨ XZY\^©r~v^Iuvuvh\~m^Wjwp x ªs^<ignt{eoly {<h\~mªs^Uu{nq]brhtlv^ x £eolvY lmY\^
l£6n]_n x ^Uigujs~v^e x ^Up:lvek{<jwiK¢htl£^bp\nwlmeg{<^
uznq]b^ x eo¹^U~v^Up{^Iu±¢,^<l£^U^<p©lvY\^_~m^Uuvh\i¯lu±ns¢tljwegp\^ x £e¯lmYWlmY\^bl£n4]_n x ^<ikueop
lmY\^
ªsnqioh\]_^b ~js{¶lmeonqp©jsp x ]beo|flvh\~m^ x ^<p,uzeolyAr\~mnwµig^UuU¨bÆÇp!r,jw~vlvek{h\ikjw~I­>lvY\^
rnquzlz¤ÇuvY\nt{	&ª·jsioh^UunwlvY\^
]_eo|flvh\~m^ x ^<puveoly
jsp x ªsnsigh\]_^4 ~mjq{¶lmeonqp js~v^p\nsl
lvY\^Aumjw]_^jwp x lmY\^Auz^Uªs^Up§^I¬qh,j"lvegnsp ]_n x ^<iuvY\n"£u
jsp§n:uv{<eoigigjwlvegnsp p\^Ujs~_lvY\^A{<nsp:lmjq{¶l
x ekum{nsp:lmeopfh\eoly©´Unsp\^q¨W6llmY\^0r\~m^Uuv^<p:llmeo]_^q­NlvY\^Iuz^ x e¯¹>^<~m^<p,{^Uu1~v^U]
jwegpuh\p^|tr\ikjwegpjw¢\ig^s¨A½h\~vlvY\^U~1^|tr^<~meo]_^Upqlu x nqp\^
¢fy{Y,jwp\qeop\blmY\^~m^<ikj"|\j"lmeonqp0r\~mnt{^ x h\~v^IuZns~ZlmY\^Yfyfr,^U~v¢nsigeg{uvnsigªs^U~eop4lvY^pfh\]_^<~meg{Ujwi®uvnsightlvegnspnwlvY^uz^Uªs^<p^I¬qh,j"lvegnsp
]_n x ^<i x n
p\nsl{Yjwp\q^±lvY\^~m^Uuvh\iolmujsp x lvY\^U~v^< ns~m^s­\eoluv^<^<]
u6lmYj"llmY\^Uuv^ ^Ujwlvh\~m^Uujw~m^±pnwlpfh\]_^<~meg{Ujwi(js~zlme¯Ejq{¶luZ¢\htljs~v^

























































































































































































































































































 Ã & Ä & & ÃfÀ 
°!^pn"£ ^Uª"jwighj"lm^lvY\^b]_n x ^<iN{<jsrjw¢\egige¯lmeo^Iu ns~lvY\^_{nq]_r\htlmjwlvegnspns¦uzY\nt{	&4£6j·ªq^UuegpWjºl£ns¤Gr\Y,jsuv^]beo|flvh\~m^ nq~jºlv^Uuzl
r\~mns¢io^U]³egp:ªqnsigªfeop\uzlv~mnsp\uvY\nt{	&fuU¨XZYeguNlyfr^nw>^|tr^<~meo]_^<p:lKekuKrjw~vlvek{higjs~vigyeg]brns~vlmjsp:lNeo¡nsp\^Z£Zjwp:lNlvnhuv^ZlvY^]bn x ^Ui
egp ﬁ ﬁ±X-uzlvh x eo^Iu<¨
i¯lmY\nsh\4lmY\^
]_n x ^<i x nf^Uupnwlj x ]_eol1jº hioi¦uv^lns6jsp7&feop^¤Çh\qnsp\egnwl~v^Uigjwlvegnspu±eolegurnqumuzeg¢\ig^blvn
uvnsigªs^ZlmY\^^U¬:hjwlvegnspueopºjspbhpulm^Uj x y~m^<qeo]_^jwp x lvn x ^<lv^U~v]_egp\^jpfh\]_^<~meg{Ujwitªq^<ignf{<e¯lynw>lvY^uzYnf{	&>¨NXZY\ekuK£eoigi¢^ x nqp\^
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ÆÇpnq~ x ^U~lvn
^Uª"jwighj"lm^lvY\^1{<ns]_r\htlm^ x ~m^Uuvh\iolmuU­£6^£eoigi{<ns]_rjw~m^±lvY\^U]*£e¯lmYlvY\n:uz^nq¢tlmjseop\^ x £e¯lmYlvY\^uz^Uªs^<p^I¬qh,j"lvegnsp
]_n x ^<i,jwp x £e¯lmY_^|tr,^U~veg]_^<p:lmjsi x j"lj\¨N{¶lmhjwigioyq­" ns~K]
jsp:y1]_jwlv^U~vekjwiG­"lvY^~v^Uigjwlvegnsp1¢^l£6^<^Up1lmY\^uvY\nt{	&ªs^Uiont{eolyjwp x lmY\^
eg]_rjs{l6ªq^<ignf{<e¯ly_ekuZjigeop\^Ijw~6~v^Uigjwlvegnsp®­fegp:lv~meopuvek{<jwigigy_{Y,jw~js{¶lm^<~meguzlvek{Znw(lvY\^±]
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5 Eq. Reduc (epoxy)


























5 Eq. Reduc (epoxy)













































































































































































Material Velocity Up (m/s)
5 Eq. Reduc (Epoxy/Spinel)
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°!^^Up x lmY\^Uuv^uv^<~meo^Iunspfh\]_^<~meg{Ujwi(^<|tr,^U~veg]_^<p:lmu¢fyuvns]_^~m^<ig^<ª"jspqll£ns¤ x eg]_^<puvegnspjsi®lv^Iulv¤î{Ujsuv^UuU¨XZY\^Iuz^igjqul±^|tr,^U~veo¤
]_^<p:lujw~m^{nq]_r\htlv^ x £eolvYjbuz^I{nsp x ns~ x ^<~.4±cÅ ©lv^U{Yp\eg¬:h\^± nq~¦lmY\^uzrjq{^ x ekuv{<~v^<lveg´Uj"lmeonqp®¨NXZY\^±lveg]b^um{Y\^<]_^±huv^Uu
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Yj x lmnA¢\h\egi x lmY\^
jq{nsh,ulmeg{eo^U]
jwp\p uvnsigªs^U~ x ^Iuv{<~veg¢,^ x egp uz^I{¶lmeonqp `¨ \¨!XZY\^0¢n·|!ekubnsp\^0]b^<lv^U~ikjw~ms^0jsp x l£6nA]_^lm^<~u1Y\egsY§jwp x lmY\^
]_^UuvYSegu
{<ns]_rnquv^ x ns7$sA| Us©rnsegpqlu<¨SÆÇp§lvY\ekuº{<ns]_r\htlj"lvegnsp(­lvY^©Å6½ pfh\]¢,^U~
£6jqu^I¬:hjwiZlmn¼¨ ¨ ½egsh\~m^ ﬃ
uvY\n"£u6lvY^eguvn"ª"jwigh\^Uu6nslmY\^ªsnqioh]b^± ~js{lvegnspj"l x eo¹>^<~m^<p:llveg]_^UuU¨¦iolvY\nqh\sYjspjq{<{<h\~mjwlv^uveo]h\igjwlvegnsp4nwlvY\ekur~vnq¢\io^U]
£6nsh\i x ~m^U¬:h\eg~m^j1µp\^<~Z]_^UuvY - ns~jspj x jwrtlmeoªq^r\~mnt{^ x h\~v^lvnb nsigign"£SlvY\^egpqlm^<~vEjs{<^ﬃ/lvY\^±~v^Iuzhi¯lu6js~v^±ªs^U~vy_r\~mns]_ekuzegp\,¨ÆÇp
rjs~zlmeg{<h\ikjw~I­lmY\^pfh\]_^U~vek{<jsi x eo¹>huzegnsp x n0pnwlr\~v^Uªs^UpqllvY\^ x ^<ªq^<ignsr\r^<]_^Upql±nw¦egp:lv^U~zEjq{^1egpuzlmjs¢\eoigeolveg^Uu±jwp x lvY\^bªsnqioh\]_^
 ~js{lvegnsp4~v^U]_jseop,uZ¢,nqh\p x ^ x ¨
γ = 1.4
u = 0



















































ALPHA,  MIN = 1e-08,  MAX = 1-1e-08
TIME = 0.1s
ALPHA,  MIN = 9.56116e-09,  MAX = 0.999984
TIME = 0.15s
ALPHA,  MIN = 9.39081e-09,  MAX = 0.998144
TIME = 0.2s
ALPHA,  MIN = 8.76456e-09,  MAX = 0.976372
TIME = 0.3s
ALPHA,  MIN = 9.38467e-09,  MAX = 0.84449
TIME = 0.4s


























































































































































































ALPHA,  MIN = 1e-08,  MAX = 1-1e-08
TIME = 1.58ms
ALPHA,  MIN = 1.72994e-08,  MAX = 1-1e-08
TIME = 2.63ms


















































°!^Y,j·ªs^ x ^<~meoªq^ x j1µªs^^U¬:hj"lmeonqpº~m^ x h{<^ x ]_n x ^Ui, ~mns] jsp0jsuvyf]br\lvnwlmeg{jwpjsioytuveguegp
lvY\^±igeo]_eolZns®´<^U~vn~v^Uigjw|tjwlvegnsp_lmeo]_^





¢,^U^<p«jwpjsioyf´U^ x jwp x uvY\n"£p!lvn¢^ºªs^U~vy©{ignquv^lmnlvY^ºulm~vh{lvh\~m^
nw
lmY\^
Kh\ig^<~^U¬:hjwlvegnspu±ns¦¥h\e x!x yfpjw]_ek{<uU¨XZY\eku±]bn x ^UiKr\~m^Uuv^<p:lmujwp!egpqlm^<~m^Uuzlvegp\jwiolv^<~mpjwlvegªs^lmn4lvY\^_huv^ns¦lmY\^
uz^Uªs^<p
^I¬qh,j"lvegnsp]_n x ^<i 3(eolNeguK{Y\^Ijwr^<~I­"uzeg]_r\io^U~lvneo]_r\ig^<]_^Upqljsp x eku^Ujsuvegioy^<|:lm^<puveg¢\io^lvnjwp_jw~m¢\eolv~jw~mypfh\]¢,^U~Nnw]
j"lm^<~megjsiguU¨
½ns~egpuzlmjwp,{^s­eop!lmY\~v^U^ x eo]_^Upuzegnsp,u<­( ns~1j4pfh\]1¢^<~Wns x eo¹>^<~m^<p:l]
j"lv^U~vekjwiG­®lmY\^_l£6n4ªq^<ignt{eolys­¡l£6nr\~m^Uumuzh\~m^b]bn x ^Ui
huv^Uu%` U Hª"jw~megjs¢\ig^UuZ£Y\egio^±lmY\^~v^ x h{<^ x ]_n x ^<i¡£egioi®h,uz^nspioy VJ
D
Z_ª"jw~mekjw¢\ig^UuU¨
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r~v^Iuvuveo¢io^½iohe x uU¨

 =, 1< 

 
    
;
+ 	 
­>I ﬃ3 $qq-% %­qwqq\¨
 ` «¨ ¨ 8Zjw^U~jsp x 9¨ °Ł¨¡Èhp\´<ekj"lmn¨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